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Claims 



1 A soft metal conductor for use in a semiconductor device comprising grains 
having grain sizes sufficiently large so as to provide a substantially seraph-free surface upon 
polishing in a subsequent chemical mechanical polishing step. 



2. A soft metal conductor having improved hardness in its uppermost layer- 
for use in a semiconductor device wherein said uppermos/layer consists of grains having grain 
sizes not smaller than about 20% of the thickness of Aid soft metal conductor. 



3. A soft metal c^uctor according to claim 2, wherein said conductor is a 
member selected from the group' coasting of a via, a/interconnect and a line. 



4 A / soft/mejal .conducto/according to claim 2, wherein said soft metal is 
selected from the group c/Snsistijfe of Aj/Cu, Ag, CuAg, CuAl, AgAl and CuAgAl. 



device com 





An electrically conducting soft metal structure for use in a semiconductor 



20% 



_ an uppermost layer consisting of grains having grain sizes not smaller than about 
of the thickness of said soft metal structure, and 



consisting of grains having grain sizes not larger than about 20% of the thickness of said soft 
metal structure. 



a second layer contiguous with and immediately adjacent to said uppermost layer 
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6. An electrically conducting soft metal structure according to claim 5, 
wherein said uppermost layer having a thickness sufficiently large to provide a substantially 
scratch-free and erosion-free surface upon polishing in a chemical mechanical polishing method. 

7. An electrically conducting soft metal/structure according to claim 5, 
wherein said structure being made of a metal selected fr^m the group consisting of aluminum, 
copper, silver, ternary and binary alloys of aluminum/copper, silver and any other low resistance 
metal. 



8. An electrically conducting soft metal structure according to claim 5, 
wherein said structure being a member selected from the ^gfoup consisting of a via, an 
interconnect and a lin^ 

A soft nietal conductoj^according to claim 2, wherein said uppermost layer 
consisting of/gra/ns of/hetal noVtesrlhan 200 nm in grain size. 



10/ An electrically conducting soft metal sn-ucture according to claim 5, 
wherein said uppermost layer having grains of metal not less than 200 nm in grain size and a 
thickness of it least 100 nm. 

'/ 
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11. An electrically conducting soft metal structure according/to claim 5, 

wherein said uppermost layer having grains of metal not less than 200 nm in g/«ain size and said 

./ 

second layer having grains of metal not more than 100 nm in grain size. 

12. An electrically conducting soft metal stature according to claim 5, 
wherein said second layer having grains of metal not more/han 100 nm in grain size and a 
thickness of not less than 600 nm. 

13. An electrically conducting soft metal structure according to claim 5 further 
comprising a bottom layer contiguous>ith anfl immediately adjacent- to said second layer, said 
bottom layer consisting of grain// mdbl /ot less than 200 nnAn grain size. 



14. A /oft m/ta/yconductor for up/ in a semiconductor device comprising: 
a first /metal myev 

a T/ layer/f les/ than 30 n/ thick on top of said first soft metal layer, 
secona rpetal layer op^top of said Ti layer having in its uppermost surface metal 
grains of grai/ sizes/hcft smaller than about 20% of the thickness of said second soft metal layer, 
and 

lereby said Ti layer sandwiched between two soft metal layers is convened to 
TiAlj upon a/nealing at a temperature higher than room temperature such that diffusion of atoms 
of said soft metal through said Ti Al, film occurs upon the passage of an electrical current 
therethr/ugh and thus improving the electromigration resistance of said soft metal conductor. 
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15. A soft metal conductor according to claim 14, wherein saic/soft metal is 
a member selected from the group consisting of Al, Cu, Ag, CuAg, CuAl, AgAl and CuAgAl. 

1 6. A soft metal conductor according to claim 1 4,yherein said Ti layer further 
comprising composite layers of Ti and Ti alloys including Ti/ 

17. A soft metal conductor according to claim 14, wherein said Ti layer is 
situated at the bottom of a via having portions ofrsaid layer in extremely small thickness or 
portions of said layer in voids so as to allow tjjfe existence of a continuous phase of said soft 
metal material or diffusion of said soft/ne^d aioms across a TiAl^er subsequently formed and 
a resulting improvement in the el^trorWgfation resistance j2ff said soft metal conductor. 

18. A s^ft m/ftal/jbonductor affording to claim 14 further comprising an 
annealing step at a pre^eterm/n^d teft(^rad>r€ and for a predetermined length of time sufficient 
to convert said Ti la/er to 7TiA.I; when said soft metal used is Al or AlCu. 

\<p. #/soft metal conductor according to claim 18, wherein said predetermined 
temperature is iot le/than 300T and said predetermined length of time is not less than 10 min. 



A soft metal conductor according to claim 18, wherein said predetermined 
temperature j£ 400T and said predetermined length of time is 30 min. 
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N 21. A method of making a soft metal conductor for use in a semiconductor 
device comprising the step of depositing ytfs? layer of said soft metal consisting of grains 
having grain sizes sufficiently large su^Kthat a substantially scratch-free surface upon polishing 
in a subsequently conducted chemical mechanical polishing step is obtained. 



;<fo 



22. A. method according to claim 21, wherein said first soft metal layer is 
deposited by a technique selected J from the group consisting of physical vapor deposition, 
chemical vapor deposition, evaporation and collimation. 

23. A method according to claim 21, wherein said first soft metal layer 
consisting of grains of metal not les^s than 0.3 urn in grain size. 

24 - A m ^ h P d according to claim 21, wherein said first soft metal layer having 
of at least 100 i/m. 




thickness 



25. A method a< 
a layer of said soft metal consi 
a layer thickness of not less th 
soft metal having grains 



upon polishing in a subseauent CMP step 




21 further comprising the step of depositing 
?ving a grain size of not more than 200 nm and 
to said deposition process of said first layer of 
fge so as to provide a substantially scratch-free surface 



26. A method\according to claim 2 1 further comprising the steps of sequentially 
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depositing a layer of Ti of less than 30 nm thick and a second layer of soft metal on top of said 

i 

first soft metal layer such that the anti-electromigration property of said soft metal conductor is 
improved when said Ti layer is converted to a TiAl, layer in a subsequent annealing process. 

/ 

27 A method according to claim 2 1 . wherein said/soft metal is selected from 

- i 

I 

the group consisting of M, Cu, Ag, CuAg, CuAl, AgAl and CuAgAl. 
comprising the steps of: 



filling a cavity for conductor with a soft metal at a first temperature between 
about 100*C and about 300T, said soft metal consisting pi metal grains having a first grain 
size, and 

heating said conductor to a second temperature and for a length of time sufficient 
to grow said metal grains to a second grain size largetfthan said first grain size. 

29. A method according to clainf 28, wherein said conductor is a member 
selected from the group consisting of a via, an interconnect and a line. 



clair- 

Jm 



30. A method according to claim 28, wherein said soft metal is selected from 
the group consisting of Al, Cu, Ag, CuAg, C\k\, AgAl and CuAgAl. 
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31. A method according to claim 28, wherein said second^femperature is not 
less than 300*C and said length of time is 2 min. 

32. A method according to claim 28, wherein said second grain size is larger 
than said first grain size such that the polishing characteristics of said soft metal conductor is 
improved. 

** 

/ 
f 

33. A method according to claim 28, wherein said second grain size is not 

/ 

smaller than 200 nm. j 

i 

.7 

34. A method according to claim 28,' wherein said first grain size is not larger 

a' 

than 200 nm and said second grain size is not smaller than 200 nm. 

./' 

// 

v 35. A method of polishing a soft metal structure according to a predetermined 

# 

polishing process defined by the equation of: ' 

dV KAR pd H p V c G p 



dt / H m G m 



wherein dV/dt is the rate!' the volume of metal is removed, Hm is the hardness of 

i 

the metal, H p is the hardness of the ^articles in the slurry, A is the area of metal exposed, Gm 
is the grain size of metal, G p is thej>rain size of the particles in the slurry, is the roughness 
of the polishing pad, K is a constant that depends on the chemical bonds between particles, metal, 



Y0994-172AX 

(64,610-030) 33 



pad, and pH factor, and V c is the speed of the chuck, whereby said method allows an optimum 
volume of metal to he removed without scratching or ero/sion occurring in the metal. 

,( 

/ 

36 A method according to claim 35,/wherein the soft metal structure is a 

' / 

member selected from the group consisting of a via, an interconnect and a line. 

i 



37. A method according to claim/35, wherein said soft metal is selected from 
the group consisting of Al. Cu, Ag, CuAg, CuAl/ AgAl and CuAgAl. 





38. A method according to/claim 35, wherein G m is not smaller than 200 nm. 

" 39. A dual-step deposition methp*f1or making a soft metal conductor for use 
'an electronic device comprising the stepj 

depositing a first layer/f metal by a physical vapor deposition process to a first 

thickness, and 

depositing a se/nd layer of metal on top of said first layer of metal to a second 
thickness larger than said /first thickness by a method selected from the group consisting of 
chemical vapor depositi/n, electroplating and electroless plating. 



40. A dual-step 
to claim 39, wherein said first an 
from the group consisting of Al, 
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ion method for making a soft metal conductor according 
nd metal layer are deposited of a material selected 
uAl, CuAg, AgAl and CuAgAl. 
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ly/ 41. A dual-step deposition method for making a soft metal conductor according 

to claim 39 ; wherein said second metal layer deposited has an average grain size of not smaller 
than 0.1 urn. 



42. A dual-step deposition method for making a soft metal conductor according 
to claim 39, wherein said first thickness of said first layer of metal is at least 100 nm and said 
second thickness of said second layer of metal is at least 600 nm. 

» 

it 
1 

I, 

43. A dual-step deposition method for making a soft metal conductor according 
to claim 39, wherein the second layer ! of metal is deposited by a chemical vapor deposition 
technique at a reaction temperature of not less than 300'C. 



44. A dual-step deposition method for making a soft metal conductor according 

to claim 39, wherein the first layer of metal deposited by a physical vapor deposition process 

\ 

comprises large grain Cu alloyed with an element selected from C, B, N or an element from the 

I ... 
Periodic Table Group I1LA IVA, VA for improved wear and electromigration resistance. 



45. A dual-step deposition method for making a soft metal conductor according 

1 

to claim 39, wherein said second layer of metal deposited has a sheet resistance of not higher 
than 0.1 Q/D. 
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^ 46. A dual-step deposition method for making a soft metal conductor for use 
in an electronic device comprising the steps of: 

depositing a first layer of metal by a chemical vapor deposition technique to a first 

thickness, and 

depositing a second layer of metal by a technique selected from the group 

ij 

consisting of electroplating, electroless plating and high temperature physical vapor deposition 



process. 



47. A dual-step deposition method for making a soft metal conductor according 
to claim 46, wherein said first metal layer deposited has an average grain size of not smaller than 
0.3 ^im. 

/ 

48. A dual-step deposition method for making a soft metal conductor according 
to claim 46, wherein said first layer of metal deposited by a chemical vapor deposition technique 
has a sheet resistance of not higher than 0.1 QJD. 

v 49. A method for forming an interconnect in a logic or memory device by at 



f! 

least two levels of metals comprising the steps pf: 

depositing at least one layer of metal into a line or via hole of a material selected 
from the group consisting of Cu, Ag, Al, CuAg, CuAl, AgAl and CuAgAl, and 

depositing a final layer of Cu having an average grain size of not smaller than 0.3 
Urn on top of said at least one layer of metal into said line or via hole. 
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^jC/^ 50. A method fo^orming an interconnect in a logic or memory device 
< jt£cording to claim 49, wherej/said at least one layer of metal comprising two layers of metal 
deposited into a line or yfa hole. 



51. A method for forijning an interconnect in a logic or memory device 
according to claim 49, wherein said finaj layer of Cu has a sheet resistance of not higher than 

0.1 n/n. 




V 52. A method for forrfting an interconnect surrounded at lest on three sides by 
'amorphous barrier layer comprising/ the steps of: 

depositing an amorphous barrier layer of refractory metal nitride or carbide into 
a line or via hole by a vapor deposition technique, and 

depositing a layer ojf a conductive metal having an average grain size of not 
smaller than 0.3 urn on top of said amorphous barrier layer filling said line or via hole. 



53. A method for forming an interconnect encapsulated in an amorphous barrier 
layer according to claim 52, \Jierein said refractory metal in said refractory metal nitride or 
carbide is selected from the gr&up consisting of W, Ta and Ti. 
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54. A method for formingan interconnect encapsulated in an amorphous barrier 
layer according to claim 52, wherein sA conductive metal is selected from the group consisting 
of Cu, Ag, Al, CuAg, CuAl, AgAl/and CuAgAl. 

55. A method for forming an interconnect encapsulated in an amorphous barrier 
layer according to claim 52, Jherein said vapor deposition technique is a chemical vapor 
deposition or a physical vapor deposition technique. 

56. A method filr forming an interconnect encapsulated in an amorphous barrier 
layer according to claim 52, wheiein said refractory metal niuide is deposited by a chemical 
vapor deposition technique conduced at a reaction temperature between about 300*0 and about 
400*C. \ 

57. A method for/forming an interconnect surrounded in an amorphous barrier 
layer according to claim 52, wheiin said refractory metal nitride is deposited by a sputtering 
technique by using a composite tArget. 

58. A method for forming an interconnect encapsulated in an amorphous bamer 
layer according to claim 52 further comprising the step of annealing said amoiphous barrier layer 
at a temperature of not lowir than 400T for at least Vi hour prior to the conductive metal 
deposition step. / 
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59. A method for forming an interconnect encapsulated in an amorphous barrier 
layer according to claim 52 further comprising the step of depositing a seed layer of said 
conductive layer prior to the cyfiductive metal deposition step. 

60. A method for/foxing an interconnect surrounded at least on three sides 
by an amorphous barrier layer aciorftg p claim 52 further comprising the step of depositing 
a hard dielectric layer between said 4o<brphous barrier layer and said conductive metal. 

61. An electronic structure formed by the method of claim 59. 




^L^IS 62. A method for > #rming a large grain interconnect encapsulated in an 
amoiphous barrier layer accorcjirfg to claim 59, wherein said hard dielectric layer is deposited of 
a material selected from t)fe group consisting of fluorinated oxide and amorphous or porous oxide 
treated with SiH 4 or/CH 4 . 



63. 



1 



A method for fabricating a single damascene structure having an 



interconnect formed of a metal 
AgAl and CuAgAl, said metal h 



selected from the group consisting of Ah Cu 5 Ag ; CuAg, CuAl. 
ving substantially number of grains of a size larger than 0.3 (im. 



* 64. A method for fabricating a dual damascene structure having an interconnect 
formed of a metal selected fromlthe group consisting of At, Cu, Ag, CuAg, CuAl, AgAl and 
CuAgAl, said metal having substantially number of grains of a size larger than 0.3 ^m. 
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65. A method for forming an interconnect in an on-chip tagic and memory 
(SRAM or DRAM) device by at least two levels of metals compnsmg^the step of: 

depositing at least one layer of metal into a line of via hole of a material selected 



from the group consisting of Cu, Ag, Al, and alloys of/these elements, with average gTain size 
of not smaller than 0.3 um. 



66. A semicondtidofv sjrtcture compnsing^logm and memory (SRAM or 
DRAM) devices interconnecW^ffough at least a^iaand one metal level, 

the meta^kvd'and yia^cemprising copper with grains of not smaller than 0.3 um. 
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